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ABSTRACT 



Ad optical actuator is disclosed which includes a base, a 
moveable lens holder including an objective lens and posi- 
tioned relative to the base, and at least six planar magnetic 
colls and a plurality of magnetic assemblies arranged to be 
associated with ttie coils, each of the asseniblies including 
magnets having two or more poles fitted to the actuator base, 
the coils and the magnets being mounted relative to each 
other on the lens holder and the base. The actuator includes 
circuitry for aj^lying signals to the coils to induce magnetic 
fields in the c^s for positioning the lens holder and detec- 
tors for providing signals representing the four degrees of 
freedom of positions of the lens holder with respect to the 
base. A computational drcuitiy responsive to the detectors 
determines the coil signals for positioning the moveable lens 
holder in six degrees of freedom of motion relative to the 
base. 

6 Claims, 3 Drawing Sheets 
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MAGNETICALLY SUSPENDED OPTICAL 
RECORDING ACTUATOR 

CROSS-REFERENCE TO RELATED 
AFPUCAnONS 

Reference is made to commonly-assigned U.S. patent 
application Scr. No. 60/005,396, filed Oct 6, 1995, entitled 
"Actuator Wth Single Surface-Field Motor" by Marino et 
al, commonly-assigned U.S. patent application Scr. No. 
08/656,655 filed May 31, 1996, entitled "Actuator With 
Single Surface-Held Motor" by Manno et al and commonly- 
assigned U.S. patent application Ser. No. 08/660,568, filed 
Jun. 7, 1996, entitled 'Position Sensing For An Optical 
Recording Actuator*', by Marino et al, the teachings of 
which are incorporated herein. 

FIELD OF THE INVENTION 

The invention relates generaUy to the field of actuators for 
storage devices, and more specifically, to the invention 
relates to actuators requiring no mechanical suspension. 

BACKGROUND OF THE INYEOTION 

Optical disc recording devices typically use focus/ 
tracking actuators to control the lens position relative to the 
rotating disc. This is necessary because of unavoidable waip 
of the disk, spindle errors, and other medianical and optic^ 
imperfections. Both focus (controlled by tiie distance 
between the lens and the disc surface) and tracking (the 
correct radial position of the lens so as to read or write a 
single track at a time) must be simultaneously maintained. 
The motions of the actoator are controlled by a servo system 
and the forces which cause these motions are typically 
generated by one or more electromagnetic motors. 

As optical disc recording and reading devices increase ia 
speed (read and write rate), the disc rotational velocity 
iDcreases. This requires that the focus/tracking actuator, 
which controls the objective lens position so as to maintain 
proper focus and tracking location of the read/write spot on 
the disc surface, must respond more quickly and accurately 
to any disc waiping or spindle errors. This in turn requires 
that any internal acmator resonances be sufl&ciently high in 
firequency so as not to prevent the required control system 
performance. 

Current actuators generally use magnetic motors to con- 
trol the actuator motion in two directions: focus (generally 
vertical) and tracking (generally lateral, or along a radial 
direction of the disk). The motioD of the acmator in the 
remaining four degrees of freedom (one translational and 
three rotational) are typically controlled (passively) by the 
acmator suspension — usually either a flexure system or a pin 
and bushing system. These suspension components often 
result in unwanted actuator resonances that limit actuator 
performance and make controlling the actuator to the 
required accuracy and bandwidth more difi&cult. As writing 
and reading speeds increase, and the actuator must respond 
more accuratdy and at increasingly higher frequencies, 
these resonances may limit the system speed. 

Commonly assigned U.S. Pat No. 4,799,766 entitled 
**Objective Lens Support and Positioning System" issued 
Jan. 24, 1989 to Estes discloses an arrangement for posi- 
tioning an q)tical actuator. This arrangement uses magnetic 
yokes which are fixed to the base and not Co the actuator: One 
permanent magnet is positioned on the lens holder. With this 
type of arrangement, it is difficult to control the aerator 
since the magnet itself, which may be quite heavy, has to be 
moved along with the lens holder. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
optical actuator having a lens holder that can effectively be 
positioned in multiple degrees of freedom of motion. 

This objed is achieved by an optical actuator comprising: 

a) a base; 

b) a moveable lens holder including an objective lens and 
positioned relative to the base; 

10 c) at least six planar magnetic coils and a plurality of 
magnetic assemblies arranged to be associated with the 
coUs, each of the assemblies including magnetic means 
with two or mcH:e poles fixed to the actuator base, the 
coils and the magnetic assemblies being mounted rela- 

15 tive to eadi other on the lens holder and the base; 

d) means for applying signals to the coils to induce 
magnetic fields in the coils for positioning the lens 
holdo-; 

e) detector means for providing signals representing the 
^ four degrees of freedom of positions of tiie lens holder 

with respect to the base; and 

f) computation ineans responsive to the detector means 
signals for determining the coil signals for positioning 
the moveable lens holder in six degrees of freedom of 

^ motion relative to the base. 

Advantages 

In accordance with this invention, the actuator has no 
mechanical suspension. The weight of the acmator is sup- 
^ ported solely by magnetic motors, and the motion of the 
acmator in all six degrees of freedom is controlled by these 
motors. The only mechanical connection fi'om the actuator 
to ground is through the required electrical coimections to 
power the motor coils. These, being non-stractural in nature, 
35 are designed so as not to produce problematic resonances. 

The following are further features of the invention. There 
are no resonances due to flexures or any suspension. This 
permits higher control bandwidths with siiiq>ler control 
systems, further permitting higher system recording speeds. 

The requirements for precision mechanical parts are 
reduced. No high po'ecision flexures or close tolerance pin 
joints are required. 

Actuator lifetime and reliability are iiiq)roved. There is no 
mechanical fatigue due to flexing motion or mechanical 
wear. 

Actuator tilt is controllable at all times — both statically 
and dynamically. This improves system performance. 

These and other aspects, objects, features and advantages 
50 of the present invention will be more clearly understood and 
appreciated from a review of the following detailed descrip- 
tion of the preferred embodiments and fended claims, and 
by reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an illustration of the magnetically suspended 
actuator in accordance with the present invention; 

FIG. 2 shows the relationship between motor coils and 
magnets in one preferred arrangement; 
60 FIG. 3 is a view similar to FIG. 1, but showing three quad 
photosensitive d^ectors in accordance with the ^esent 
invention; 

FIG. 4 is as block diagram of a control system in 
accordance with the present invention; and 
65 FIGS. SA-SC schematically depict six coils mounted on 
the lens holder and depicting critical dimensions which are 
used in a matrix of the control system of FIG. 4. 
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To facOitate undastanding, identical referencje numerals (X, Y» Ox, Oy, 62) and the ability of diis control system 27 

have been used, where possible, to designate identical to accept servo control commands in the same coordinate 

elements that are common to the figures. system is an in^jortant feature of this invention. This permits 

nTTTAH pn nP^SPRTTmnN OF THE otherwise complex six-input, six-output servo, to be 

DETAILED DESCRIFnON OF THE ^ replaced by six sinq)le single input, single output servos. 

^'^^''^^^^^^ The input to a sensor daU processor 28 is from the quad 

Referring to FIG. 1, a schematic of an optical actuator 10 photosensitive detectors A, B, and C. The sensor data 

in accordance with this invention is shown. The optical processor 28 digitizes the input signals and converts them 

actuator 10 includes an objective lens 11 which is well into six degrees of freedom position signals. An actuator 

known in the art and focuses a laser light beam (not shown) servo controller 30 receives position signals X, 9x, and 8z 

on the surface of the disk member (not shown). A lens holder position signals whereas a system controller 32 receives 

14 is provided which mounts the obje(iive lens 11. The position signals Y and Z. The system controUcr 32, in 

objective lens 11 can be mounted to the lens holder with response to die position signals Y and Z, produces a signal 

adhesives. A pluraUty of planar magnetic coHs 16 are fixed input to the actuator servo contrdler 30 which represents 

to the lens holder 14. As shown the lens holder 14 is whether or not the control syst^ 27 is perfonnmgwi^^ 

rectangular in shape, and three of the surfaces each contain f ^gf, ?^ V^'^f "S*^ arrangemen is ^efened^ 

ic(.umguiai 111 „..^„Ki.vc 'jft it will bc undcrstood tiiat the systcm cau opcratc without the 

two of the phinar magnetic cods 16. Magneuc^^se^^ system controUer 32. Also provided as inputs to the actuator 

are fixed to a base 21. In this figui^ quad pho^^^^^ 'y^^ ^^^^^^ ^ co^entional traddng error signals 

detectors have been omitted for clanty but will be described ^^^^^ . ^ understood in the art, 

in FIG. 3. The motors shown here which conqmse the planar ^ provided from analyzing a beam of Ught which passes 

magentic coils 16 and magnets are of the flat multipole type through the objective lens 11 and is reflected off back of an 

described in commonly-assigned copending application optical disk being recorded. This operation is so weU unda-- 

U.S. patent application Ser. No. 08/656^655 filed May 31, ^^^^ |jj ^ that it need not be described here. The 

1996 to Marino et al entitted "Actuator With Single Surface- actuator servo controUer 30 is conventional and produces six 

Held Motor," 25 command signals which represent the desired motion in die 

The optical actuator 10 shown has six coils, only four of degrees of freedom, namely, X, Y, Z, 0x, Oy, and Oz. 

which' are visible in FIG. 1. Three magnetic assemblies 20 Finally, a coordinate conversion processor 34 provides sig- 

are shown. The niagnetic assemblies 20 are shown to include n^is to six coil ament amplifiers 36a-36/ Each coil ampli- 

three separate magnets which provide six poles, three of the j^gj. corresponds to a single planar magnetic coil 16 which 

poles are depicted in the planar magn^c coils 16 as being 3Q corresponds to a single degree of freedom of motion. The 

norths soudi, and north, respectively. On the opposite face of coordinate conversion processor 34 operates by performing 

the magnets, there are three corresponding poles of south, ^ mathematical conversion (matrix multiplication) whidi 

north, and south. This is a preferred embodiment. There are, converts the six input signals or commands into six signals 

however, many other combinations of flat, multipole motors which are applied to the coil current amplifiers 36o-36/. It 

which could be used for this purpose. The number of coils 35 ^yyj 5^ understood that other configurations can also be used 

can be as few as six, since six independent degrees of which use more than six coils. The matrix used in this 

freedom must be controlled. However, more than six coils embodiment will shotly be described. However, before it is 

can be used, as two or more coils can be used to control one described, refa-ence should be made to FIGS. 5A-5C which 

of the degrees of freedom of motion. It will be understood, schematically depict six coils mounted on the lens holder 14 

depending upon the coil configuration that each magnetic 4^ depicting critical dimensions which are used in the 

assembly would have two or more poles. matrix. As shown in FIG. 5A, two planar magnetic coils 16 

Tinning now to FIG. 2, magnetic assemblies 20 is shown arc those mounted on one face of the lens holder 14 whereas 

to be associated with two separate coils 16. The top coil will FIGS. SB and 5C shows that four coils are mounted on two 

be used to control vertical motion, whereas the bottom coil other faces of the lens holder 14. A projection of the center 

controls lateral motion. When current is supplied to the coils, 45 of mass 40 on each of the three faces of the lens holder 14 

as will be described later, the moving current cuts the is shown. As shown in FIG. 5A, critical dimensions C is 

magnetic flux Unes produced by the magnets and provides a from the center of one of the coils to the projected center of 

force on the actuator holder. The top coil will drive one jaass 40, whereas critical dimension B is from the center of 

portion of the lens holder in a vertical direction, while the a coil looking at Its side view to the projected center of mass 

bottom coil controls the position of the lens holder in the 50 40. Other critical dimensions a are shown in FIG. 5B, 

horizontal direction. The othex coils operate in similar whereas in FIG. SC. the dimensions b and c remain the same 

fashion. As an alternative, the coils can be mounted oq the as in FIG. 5A. The matrix itself is as follows: 
base 21 and the magnets on the lens holder 14. 

Turning now to FIG. 3 who-e parts correspond to those in 

FIG. 1, the same numbers will be used. Light from an LED 55 
25 passes through three apertures 22 and illuminates three 
quad jrfiotosensitive detectors A, B, and C. The information 
extracted from the detectors A, B, and C is used to calculate 
the motion of the lens holder 14 and, of course, its objective 

lens 11 in all six degrees of freedom relative to the base 21. 60 
For a more complete dcsoription of the quad photosensitive 
detectors A, B, and C, see commonly-assigned U.S. patent 
application Ser. No. 08/660,568 filed Jun. 7, 1996 to Marino 
et al entitied "Position Sensing for an Optical Recording 

Actuator." 65 

FIG. 4 shows the control system 27 for this actuator. The As an alternative, the critical dimensions on each of the 

use of aduator position data in six orthogonal coordinates three faces of the lens mount need not be equal. In this case, 
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there wOl be as many as six imique critical dimensions. 
These dimensions would then appear in the matrix calcula- 
tioD. The matrix is used to calculate a six-dimensional vector 
of the coil currents necessary to achieve the desired actuator 
motion. The servo commands X, Y, Z, 6x, 6y, and Oz 
produced by the actuator servo controller 30 are prenmlti- 
plied by the matrix to produce the input signals to the coQ 
amplifiers 36a-36f, 

Reviewing the operation of FIG. 4, input signals from the 
quad sensor A, B, and C and traddng error and foojs error 
signals are used to provide servo commands X, Y. Z, Ox, 6y, 
and Oz. Coordinate conversion processor 34 operates upon 
these command signals to provide control signals for each 
current amplifier 36a-36f, The coil cuirent amplifiers, in 
turn, each control the planar magnetic coO 16. 

Alternatively, the required four additional measurements 
could be made using a plurality of sinq)le c^toelectronic 
sensors each consisting of a light emitting diode and a 
photosensitive bi-cell. This type of sensor is commonly used 
in actuators to sense tracking position. A minimum of four 
of these sensors would be required, as each sensor provides 
information about a single degree of fireedom 

The invention has been described with reference to a 
preferred embodiment However, it will be appreciated that 
variations and modifications can be effected by a person of 
ordinary skill in the art without departing from the scope of 
the invention. 
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We claim: 

1. An optical actuator comprising: 
a) a base; 

5 b) a moveable lens holder including an objective lens and 
positioned relative to die base; 

c) at least six planar magnetic coils and a plurality of 
magnetic assemblies arranged to be associated with the 
coils, each of the assemblies including magnetic means 
with two or more poles fixed to the actuator base, the 
coHs and the magnetic assemblies being mounted rela- 
tive to each other on the lens holder and the base; 

d) means for applying signals to the coils to induce 
magnetic fields in the colLs for positioning the lens 
holder; 

e) detector means for providing signals representing the 
four degrees of freedom of positions of the lens holder 
with respect to the base; and 

f) confutation means responsive to the detector means 
signals for determining the coil signals for positioning 
the moveable lens holder in six degrees of freedom of 
motion relative to the base. 

^ 2. The optical actuator of claim 1 wherein the planar 
magnetic coils are mounted on the lens holder and the 
magnetic assemblies are mounted on the base. 

3. The optical actuator of claim 1 wherein the planar 
magnetic coils are mounted on the base and the magnetic 

30 assemblies are mounted on the lens holder. 

4. The optical actuator of daim 1 wherein the magnetic 
means includes three magnets associated with two s^arate 
coils. 

5. The optical actuator of claim 1 further including means 
35 for producing tracking error and focus error signals and 

wherein the computation means is further responsive to the 
signals for providing coil signals to control six degrees of 
freedom of motion of the lens holder. 

6. The optical actuator of daim 1 wherein the detector 
^ means indudes: 

i) a detector assembly induding mounted on the base a 
light source and three photosensitive quad detectors 
and mounted on the moveable lens holder, means 
defining three separate apertures, each conesponding to 
a detector and arranged so that light from the source 
passes through the apertures and illuminates its corre- 
sponding detector mounted on the base, each detector 
having associated means for providing position detec- 

^ tion in two orthogonal directions; and 

ii) means responsive to the position detection means to 
determine the position of the moveable lens holder with 
risspect to the base in six degrees of freedom of motion. 

* * * * * 
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